). The area is geologically diverse and includes the south Sweetgrass arch, Kevin-Sunburst dome, Bowdoin dome, Bearpaw uplift, and Alberta shelf (Peterson, 1985) , and forms part of the Montana plains geomorphic province. Approximately 20 percent of the province is composed of Federaly-owned land of which approximately 20 percent includes Indian tribal land, approximately 55 percent Bureau of Land Management land, and approximately 25 percent National Forest Service and wildlife refuge land (Figure 2) .
The region has been actively drilled since 1903 when oil was discovered near Medicine Hat, Alberta (Gussow, 1955) . Since then, the province has produced more than 340 million barrels of oil and 1175 BCF of gas from fields greater than 1 million barrels of crude oil (or gas equivalent) field size (Montana Oil and Gas Conservation Commission, 1984; Nehring Field File) . Thirty-one fields in the province have an ultimate recoverable production of greater than 1 million barrels of crude oil (or gas equivalent) and produce from an average depth of 2150 feet. Ninety-three fields are smaller than 1 million barrels in size (Petroleum Data System; Montana Oil and Gas Conservation Division, 1984) . Petroleum exploration companies continue to maintain an interest in the province. Forty-six percent of the exploratory and production wells drilled in Montana in 1986 lie within the Sweetgrass arch and Sweetgrass Hills regions (Montana Oil Journal, 1986) .
The purpose of this report is to define existing production trends and to assess future petroleum potential using a play analysis approach for the north central Montana province emphasizing federally-owned lands. In order to accomplish this task for the region, I will (1) describe the general geology, (2) define significant hydrocarbon plays, (3) analyze reservoir and source rocks for each play, (4) compile a regional exploration history, 45) and present a qualitative statement of future resource potential based on ultimate recoverable reserves.
Data for this report include the published literature, unpublished data, and computerized well and field data files. Petroleum Information Corporation's Well History Control System (WHCS) was used to define exploration and production drilling activity within the province. The Petroleum Data System (PDS) and NRG Associates, Significant Oil and Gas Fields of the United States data base were used to determine cumulative and ultimate recoverable production data by play, and to establish geologic attributes for reservoirs and plays .
This report has been prepared for the U.S. Geological Survey's Federal Lands Appraisal Program. Figure 1 illustrates large scale structural elements in Montana and adjacent areas that have recurrently affected sedimentation and facies patterns in the north central Montana petroleum province from Late Precambrian through Mesozoic. Harrison and others (1974) and Cavanaugh and Cavanaugh (1984) described the Precambrian Belt basin as a slowly subsiding reentrant (aulacogen) to the North American craton. The central Montana trough is an eastward extension of the Belt basin and contains a thicker-than-normal sequence of Paleozoic and Mesozoic carbonate and clastic sediments (Roberts, 1979) . The Blood Creek syncline is an eastward extension of the central Montana trough and forms an embayment along the western margin of the Williston basin (Thomas, 1974) .
REGIONAL GEOLOGY
The Alberta shelf borders the central Montana trough to the north and occupies much of present day southern Alberta and north central Montana. The shelf was the site of shallow-water carbonate and fine grained clastic shelf sedimentation during the Paleozoic. The Sweetgrass arch, central Montana high, and Milk River uplift were areas of positive relief on the shelf during part of the Paleozoic and Mesozoic. Maughan (1984) introduced the term Milk River uplift to represent a Late PennsyIvanian through Early Jurassic regional source area on the southern part of the Alberta shelf.
The present day Sweetgrass arch marks the approximate position of the Late Precambrian through Early Mesozoic craton-miogeosyncline hinge line establishing the boundary between shallow water shelf sedimentation and deeper water sedimentation farther west (Dickinson, 1976) . The absence of Cambrian strata on the present day arch favors a model for at least limited Cambrian uplift of the ancestral arch in the region. Uplift and differential subsidence continued irregularly through the Mesozoic when the region may have acted as an eastern foreland basin "forebulge" associated with flexural loading of the lithosphere from eastward migrating thrust sheets (Lorenz, 1982) . The Bow Island arch in southern Alberta is a northeastward trending northern extension of the Sweetgrass arch. The term Sweetgrass arch as used in this report will include the Laramide Sweetgrass arch as well as those earlier ancestral features that lie along the same structural trend .
The Williston basin borders the north central Montana province to the east and contains as much as 8000 feet of Paleozoic strata (Peterson, 1985) . This intracratonic basin has affected sedimentation throughout the region since Cambrian.
The region contains many large scale fault systems including the Scapegoat-Bannatyne trend and the Cat Creek, Pendroy, and Havre fault systems (Figure 1 ). Thomas (1974) defined a series of northeast and northwest oriented basement-controlled fault-bounded blocks that have undergone compressive deformation during the Phanerozoic. These basement blocks and adjacent fault zones were coupled during Laramide compresseve stresses and strongly affected sedimentation patterns in the Cretaceous and Tertiary.
Tertiary intrusive and volcanic rocks include those associated with the Sweetgrass Hills (54-50 Ma), Bearpaw Mountains (54-50 Ma), Little Rocky Mountains (67-60 Ma), Judith and Moccasin Mountains (69-47 Ma), and Highwood Mountains 453-50 Ma) (Lageson, 1985) . Laramide uplifts within or near the province include the Little Belt, Big Snowy, Porcupine, and Bowdoin uplifts, and the Sweetgrass arch (Kevin-Sunburst dome and the South arch). Proterozoic through Paleozoic strata are exposed in the cores of the Little Belt and Big Snowy uplifts.
STRATIGRAPHY AND SEDIMENTATION 6 Late Precambrian clastic and carbonate rocks of the Belt Supergroup are absent throughout most of the province, although Belt-aged metasedimentary rocks may exist in the subsurface along the extreme western and southern boundaries of the province. These Proterozoic metasedimentary rocks reach a maximum thickness of more than 20,000 feet in the central Montana trough to the south and more than 40,000 feet in the Montana disturbed belt to the west (Figures 3  through 5) .
Cambrian strata lie unconformably on Archeozoic rocks across the province where Belt strata are absent. The Middle to Late Cambrian eastward transgression in western and northern Montana resulted in deposition of the Flathead Sandstone and overlying marine fossiliferous shales and carbonates (Figure 3 ). Cambrian strata are approximately 1000 feet thick in most of the province but they thicken to the south in the central Montana trough and to the west in the Paleozoic miogeosyncline where Cambrian rocks are more than 3000 feet thick ( Figure 4 ). Cambrian strata thin to less than 500 feet along the flanks of the Sweetgrass arch and are absent along its crest ( Figure  5 ). Thinning also continues eastward across central Montana into the Williston basin and the Black Hills (Peterson, 1966) .
Ordovician The Late Devonian Three Forks Formation is overlain by organic-rich black shale and thin shallow water sandstone of the Bakken Shale. The Bakken represents an interruption in carbonate deposition associated with Early Mis sissippian transgression and is regionally equivalent to the Pilot Shale of the Great Basin and the Ekshaw Shale of Alberta. Although it is more than 100 feet thick in the eastern part of the province and in the Williston basin, it is thin or absent on the Sweetgrass arch.
The Bakken Shale is conformably overlain by Mississippian carbonate and clastic rocks of the Madison and Big Snowy Groups (Figure 3 ). These strata vary in thickness from less than 1500 feet on the Sweetgrass arch to more than 3000 feet in the central Montana trough and Williston basin (Figure 4 ). The Madison Group is composed of dolomite, limestone, shale, and evaporite beds of the Lodgepole, Mission Canyon, and Charles Formations (Peterson, 1985) . Charles carbonate and evaporite rocks are absent in much of the central part of the province east of the Sweetgrass arch because of post Mississippian erosion. Solution breccias and paleokarst features are abundant in the upper part of the Madison Group. The overlying Big Snowy Group is rich in sandstone and shale with minor carbonate and reflects a major change in regional paleogeography associated with very early development of the ancestral Rocky Mountains. The Big Snowy Group is absent in much of north central Montana because of post-Mississippian to pre-Jurassic erosion (Roberts, 1979; Peterson, 1985) ; but is present in the Little Belt Mountains in the southern part of the province.
Pennsylvanian strata of the Tyler, Alaska Bench, and Devil's Pocket Formations of the Amsden Group and the overlying Quadrant Formation are present in the central Montana trough and extend northward only into the extreme southern part of the province (Maughan, 1975; . They are composed of a mixed clastic and carbonate sequence deposited in both nonmarine and marine depositional environments.
Middle to Late Jurassic strata of the Sawtooth (Piper of the Williston basin), Rierdon, and Swift Formations (Ellis Group), and overlying Morrison Formation ( Figure 3 ) were deposited in three major transgressive-regressive cycles covering most of the Rocky Mountain region (Hayes, 1984; Peterson, 1985) . Deposition within the province was affected by uplift of the Sweetgrass arch in the western part of the province and the Belt Island complex in the southern part of the province (Figure 4 ). Total average thickness of Jurassic strata varies from approximately 250 feet in the northern part of the Sweetgrass arch to approximately 500 feet throughout the rest of the province (Figure 4 ). Jurassic strata thin to an erosional zero edge in southern Alberta (Hayes, 1984) . Thinning of Jurassic strata on the arch is related to penecontemporaneous uplift along the Belt Island system. The sandstone rich Sawtooth Formation is absent in the vicinity of the Belt Island complex. The dominantly carbonate rock facies of the Rierdon Formation laps onto the flanks of the Belt Island complex and is overlain by clastic-rich sediments of the Swift and Morrison Formations. Dark gray shales and coal beds are abundant in the upper part of the Morrison Formation throughout much of the province (Peterson, 1966) .
Strata of Cretaceous age are lithologically complex and occur throughout north central Montana. The Lower Cretaceous Kootenai Formation and overlying Lower and Upper Cretaceous Colorado and Montana Groups are approximately 3,000 to 4,000 feet thick in the province, but thicken markedly westward and are more than 18,000 feet 8 thick southwest of the region near Drummond, Montana (Gwinn, 1965) . Clastic and carbonate rocks of the basal Kootenai Formation were deposited in widespread fluvial and lacustrine systems in the Early Cretaceous foreland basin (Suttner and others, 1981) . Overlying Cretaceous rocks are dominantly sandstone and mudstone deposited in marine and intertonguing fluvial and deltaic settings.
Marine and nonmarine sandstone, shale, and subordinate limestone of the Colorado and Montana Groups were deposited during at least five transgressive-regressive cycles in the Rocky Mountain region (Weimer, 1960; McGookey and others, 1972) . Recognition of these cycles is most difficult in the nonmarine fluvial and lacustrine strata of the western part of the province because of rapid facies changes and lack of stratigraphic control. Source areas for Cretaceous strata include the foId-and-thrust belt to the west, the foreland basin, and pyroclastic sources from volcanic centers associated with the Idaho and Boulder batholiths (Schwartz, 1983; Dyman, 1985) . Generally, coarse clastic detritus in the west grades into fine clastic and carbonate detritus in the east. Cretaceous rocks have been partly or completely removed from the Sweetgrass arch southeastward to the Little Belt Mountains, but abruptly thicken farther south to more than 7500 feet in the central Montana trough. Thickness variations within the Late Cretaceous Montana Group are locally extreme in the western part of the province due to variation in local sources (Peterson, 1985) (Figure 4 ). Montana Group strata are absent in the western part of the province.
The Lower Cretaceous Blackleaf Formation was deposited in a transgressive marine depositional environment with a prograding submarine deltaic facies in the middle and upper parts (Bootlegger Member), and a prograding-retrograding volcaniclastic upper deltaic sequence (Vaughn Member). The Upper Cretaceous Marias River Formation unconformably overlies the Blackleaf Formation and was deposited during a later transgression. Overlying Upper Cretaceous strata of the Two Medicine Formation in the west, and the Eagle, Clagget, Judith River, and Bearpaw Formations in the east record a combination of progradation and transgressive-regressive oscillations (E.K. Maughan, written communication, 1987) . PLAY DESCRIPTIONS Procter, Lee, and Taylor (1982) defined a play as a group of prospects and/or discovered fields (or reservoirs) having common geologic characteristics such as hydrocarbon source rocks, trapping mechanisms, reservoir charcteristics, and stratigraphic and structural geology. Play definition for the north central Montana province is well established because many parts of the province have been extensively drilled and trapping mechanisms are relatively well known. The plays presented in this report are based primarily on the stratigraphic distribution of reservoir and source rocks rather than on the structural style of local areas. Even reservoirs with significant structural closure are controlled partly by facies changes in local reservoir rocks. For each play description in this report, structural complications are discussed for each field where necessary. The following plays are presented in this report: Late ProterozoicEarly Paleozoic oil play, Devonian-Mis sissippian oil and gas play, PennsyIvanian oil play, Jurassic-Lower Cretaceous oil and gas play, 9 and Upper Cretaceous gas play. Generally speaking, gas is more abundant than oil east of the Sweetgrass arch where source rocks are thermally immature.
Upper Proterozoic-Lower Paleozoic Oil Play
The Upper Proterozoic-Lower Paleozoic oil play includes (1) Precambrian Belt strata along the extreme western and southern margins of the province, (2) Cambrian strata everywhere but the crest of the Sweetgrass arch, and (3) Ordovician strata along the western margin of the Williston basin within the north-central Montana petroleum province. As of December 1984, 61'.wells have penetrated Cambrian strata in the province (Ramirez and Helland, 1985) , but facies relationships within these strata are not yet well defined. At present, Proterozoic through Ordovician production does not exist in Montana.
Reservoir and source rock lithologies include quartz-rich sandstones of the Flathead and Winnepeg Formations; gray to green shale and carbonate rocks of post Flathead Cambrian formations; and carbonate-evaporite cycles of the Red River, Stony Mountain, and Interlake Formations (Theodosis, 1955; Lochman-Balk, 1972) .vThe best reservoir rocks are carbonate bank and bioclastic dolomite beds associated with anhydrite cap rocks of the carbonate-evaporite cycles.
Dolomitization appears to be a selective process associated with facies changes and brine migration pathways. The best source rocks are dark gray marine shales including the Cambrian Gordon and Switchback Shales and their equivalents, and shale beds within the Red River Formation. Trapping mechanisms include permeability barriers in sandstone, increased porosity associated with selective dolomitization and solution brecciation, and facies changes in carbonate-evaporite cycles. Structural enhancement of existing traps may be common in areas of Laramide faulting and folding. Approximately 250 oil reservoirs produce from dolomite beds of the Red River and Stony Mountain Formations in the Williston basin (Peterson, 1985) , the closest being at Putnam field in Richland County, Montana, east of the province. Generally, reservoir rocks include tidal and subtidal bioclastic and laminated dolomite capped by anhydrite (Longman and others, 1983) .
The first Winnepeg production in Montana was reported in 1986 by Amerada Hess in Roosevelt County in the western part of the Williston basin. A wildcat well flowed approximately 3 million cubic feet of gas per day at a depth of 11,000 feet (Montana Oil Journal, 1986) .
The average depth to the top of the Cambrian where present varies from approximately 3000 to 7000 feet. Nyvatex Exploration reported high gravity oil shows at a depth of 3690 feet in the Cambrian Flathead Formation in their Friedman 26-1XD well in Cascade County (sec. 26, T. 20 N., R. 2 E.) drilled in 1986 (Montana Oil Journal, 1986) .
At present, no geochemical data are available to determine thermal maturity, type of organic matter, and timing and migration of hydrocarbons for lower Paleozoic strata in the province. Kohm and Louden (1978) , however, evaluated several kerogen samples from the Red River Formation in the Williston basin. Total Organic Carbon values there ranged from 1.8 to 14.0 wt percent and source rocks were considered to be mature.
Devonian-Mississippian Oil Play
The Devonian-Mississippian oil play includes (1) Devonian carbonate strata of the Jefferson Group, and the Nisku, Potlatch, and Three Forks Formations throughout the province; (2) shale and sandstone of the Devonian and Mississippian Bakken Shale especially in the eastern part of the province (Peterson, 1966) ; and (3) predominantly carbonate rocks of the Mississippian Madison Group throughout the province.
The Mississippian part of the play is moderately explored, especially in Glacier, Toole, Pondera, and Teton Counties where Late Mississippian (Sun River) reservoirs have produced oil and gas since the 1920's (Table 1) . Late Devonian strata have been incorporated into this play because of a similarity in reservoir and source rocks and trapping mechanisms.
The best reservoir rocks include (1) dolomite facies in carbonate-evaporite cycles of the Devonian Nisku Formation and its equivalents; (2) thin sandstone beds within the Bakken Formation; and (3) oolitic and bioclastic carbonate banks and karst intervals in the Mississippian Charles (Sun River) and Mission Canyon Formations. Dolomitization within Devonian carbonate sequences is greatest along a northwest trending line parallel to the central Montana uplift in the southern part of the province. Dolomitization may be associated with nearshore salinity variations. Widespread paleokarst intervals in the middle and upper part of the Madison Group are related to post Mississippian erosion in the region. Dolomitized subtidal carbonate banks within the Madison Group are excellent reservoirs where they are interbedded with supratidal anhydrite. Dolomitization is more widespread in Devonian than Mississippian strata.
The best source rocks include black organic shale of the Bakken Shale, the Sappington Member of the Three Forks Formation, and the Lodgepole, and Heath Formations. The Heath Formation occurs only in the central Montana trough at the southern edge of the province. Cole and Daniel (1984) reported vitrinite reflectance values of 0.49 to 0.55 percent for Heath shales in Fergus County, Montana, which indicates that they are thermally immature and are at or immediately below the oil generation window. Higher maturation values are locally indicated inasmuch as the Heath Formation is the source for most (or all) of the oil produced from the Tyler Formation (Maughan, 1984) . In the Williston basin, organic matter in the Bakken Shale is primarily sapropelic kerogen from planktonic algae and averages 11 percent total organic carbon (Webster, 1984) . These source rocks are generally thermally mature to immature in the central part of the province but are overmature in the disturbed belt to the west. In the western part of the province, Devonian and Mississippian oils migrated eastward from source areas within the disturbed belt.
Trapping mechanisms are similar to those for the Upper Proterozoic-Lower Paleozoic play and are better constrained due to greater information from drilling. Selective dolomitization of limestones, facies barriers in carbonate-evaporite sequences, and paleosol and karst systems provide the best trapping mechanisms. Stratigraphic traps have been enhanced by Laramide folding and faulting. Several Sawtooth (Jurassic) pools may be producing oil from Mississippian source rocks where Jurassic strata unconformably rest on Sun River dolomite. Many Madison reservoirs (e.g. Pondera) are strongly influenced by Laramide faulting and folding.
The depth to the top of the Devonian varies from approximately 2700 to 6700 feet but the average depth is generally less than 5000 feet. At present, Devonian production is limited to two small Nisku pools in the East Kevin and Kevin-Sunburst fields. Initial production tests indicate less than 20 BOPD for Nisku oil wells. Shows in the Nisku have been reported from several wells in the south Sweetgrass arch area in 1986 (Montana Oil Journal, 1986) .
Pondera field in Pondera and Teton Counties, Montana ( Figure 6 ) is a representative example of the Devonian-Mississippian oil play. Pondera field was discovered in 1927 and produces from Sun River paleokarst systems enhanced by Laramide folding. Three hundred and sixty wells were completed by the end of 1984 in an area of more than 7600 acres (Tonnsen, 1985) . Production is from an average depth of 1950 feet in a 90 feet thick pay zone with an average porosity of 14 percent. More than 22 million barrels of 32 API gravity oil were produced as of December 1984.
PennsyIvanian Oil Play
The PennsyIvanian oil play is limited to the southern part of the province within the central Montana trough where carbonate rocks and shale of the Amsden Group occur (Figures 3 and 4) . At present only Cat Creek Field within this province in Petroleum County produces from the PennsyIvanian Devil's Pocket Formation (Figure 6 ) although 28 pools occur in the Tyler Formation in the Williston basin immediately southeast of the province (Maughan, 1984, Figure 8 and Table 1 ). PennsyIvanian reservoir rocks include dolomite and sandstone of the Tyler, Devil's Pocket, and Quadrant Formations. Dark gray shales of the underlying Late Mississippian Heath Formation may have contributed to Pennsylvanian petroleum (Dow, 1974; Williams, 1974; Maughan, 1984) , although Cole and Daniel (1984) found immature vitrinite in Heath samples studied in Fergus and Golden Valley Counties just south of the central Montana petroleum province.
Trapping mechanisms within the Pennsylvanian play include facies variations in both sandstones and carbonates and enhanced local porosity variations due to dolomitization. These stratigraphic traps have been enhanced by Laramide folding and faulting.
The Cat Creek field in Garfield and Petroleum Counties, Montana is a representative example of the Pennsylvanian oil play and includes an area approximately 1500 acres in size and produces from dolomites in the Devil's Pocket Formation at an average depth of 2250 feet (Tonnsen, 1985) . Trapping mechanisms include increased porosity due to dolomitization and fracture systems associated with localized block faulting.
Jurassic-Lower Cretaceous Oil and Gas Play
The Jurassic-Cretaceous oil and gas play includes predominantly clastic rocks of the Jurassic Sawtooth, Swift, and Morrison Formations, the Lower Cretaceous Kootenai Formation, the Lower and Upper Cretaceous Colorado Group, and the Upper Cretaceous Montana Group (Figures 3 through 5 ). Jurassic and Cretaceous strata are thin on the Sweetgrass arch, and Cretaceous strata are absent southeastward from the southern part of the Sweetgrass arch to the Little Belt Mountains (Figure 4) .
The play has been moderately explored in part because of initial attention to surface oil seeps and subsequent discoveries at shallow depths (usually less than 2500 feet). The base of the Jurassic varies from 1000 to 5000 feet. The play includes both Jurassic and Lower Cretaceous strata because of the similarity in depositional environments and facies, trapping mechanisms, and source rocks. The best reservoir rocks include fluvial to nearshore marine sandstones of the Swift, Sawtooth, Morrison, and Kootenai (Second and Third Cat Creek, Cutbank, Moulton, and Sunburst sands), Blackleaf (Flood Member, First Cat Creek, and Fall River sands), and Marias River Formations.
The best source rocks include dark gray phosphatic shale beds of Jurassic formations, and dark gray shale beds of the Morrison, Kootenai, Blackleaf, and Marias River Formations and their stratigraphic equivalents. Generally, shales are thermally immature except near the disturbed belt where greater burial depths occur and near Tertiary intrusives and volcanic rocks. Clayton and others (1982) reported total organic carbon values averaging 2.4 wt percent for the Cone Member of the Marias River Shale in the disturbed belt near Glacier National Park. Vitrinite reflectance values average 0.6 along the crest of the Sweetgrass arch. Dyman (1985) reported total average organic carbon values of 0.5 wt percent for Blackleaf equivalents in the Gallatin Range to the south.
Trapping mechanisms are primarily stratigraphic but folding and faulting are locally important. It is often difficult to differentiate between the relative importance of stratigraphic and structural factors in defining traps for Cretaceous strata. Jurassic reservoirs of the Sawtooth and Swift Formations occur in generally lenticular, laterally discontinuous marine sandstones. Permeability barriers associated with deposition and diagenetic alteration of sandstones and Laramide folding and faulting are important reservoir factors. Kootenai (Second and Third Cat Creek) reservoirs developed from facies changes in fluvial and deltaic sandstones where adjacent floodplain and interdistributary mudrocks reduced porosity. Fluvial and deltaic sandstone of the Vaughn Member of the Lower Cretaceous Blackleaf Formation in the western part of the province and to the south in southwestern Montana is rich in volcanic detritus. Complex diagenetic changes have resulted in a significant reduction in porosity (Schwartz, 1983; Dyman, 1985) .
Cutbank field in Glacier and Toole Counties, Montana is a representative example of the Jurassic-Lower Cretaceous oil and gas play. The field was discovered in 1926 and has produced more than 40 million barrels of oil and 500 BCF gas. Reservoir rocks include fluvial and deltaic sandstone of the Kootenai Formation (Cutbank, Bow Island, Moulton, and Sunburst sands). One hundred and eighty seven wells produce from an average depth of 3000 feet and cover more than 65,000 acres. The Cutbank sandstone, the most productive gas reservoir, was deposited in a widespread fluvial system that pinches out against Jurassic strata on the east to form a large stratigraphic trap. Sandstone of the Blackleaf Formation and its equivalents generally produces less oil than the Kootenai Formation.
Upper Cretaceous Gas Play 13 The Upper Cretaceous gas play includes shallow low permeability reservoirs in predominantly clastic rocks of the Montana Group, although Rice and Shurr (1980) have reported similar reservoirs in the Lower Cretaceous Blackleaf Formation and equivalent strata. Late Cretaceous source rocks were generally not buried deep enough for oil generation in northern Montana. Most Late Cretaceous gas is biogenic and methane rich forming from the breakdown of organic matter by anaerobic bacteria at low temperatures.
The play boundary is defined mainly by the distribution of the Late Cretaceous strata. Montana Group rocks are generally absent along the axis of the Sweetgrass arch in the western part of the province due to Tertiary erosion (Figure 1 ). Reservoirs are generally less than 3000 feet deep and include both marine (shelf) and nonmarine (fluvial to shoreface) depositional environments. The best stratigraphic traps in Upper Cretaceous strata are found in higher permeability shoreface sandstones. An example occurs in the Tiger Ridge field where gas is produced from regressive shoreface sands in the Eagle Sandstone; and another occurs at Bowdoin dome where production is from thin bedded, low permeability sands of the Carlile Shale (Rice and Shurr, 1980) . Low permeability marine chalk facies of the Greenhorn Formation, which is approximately equivalent to the Cone Member of the Marias River Formation produce some gas at the north end of the Bowdoin field. Trapping of gas within the chalks may be due to permeability barriers based on facies changes and the distribution of fracture systems. Many Upper Cretaceous traps are in part structurally controlled.
Tiger Ridge field in Hill and Blaine Counties, Montana is a representative example of the Upper-Cretaceous gas play. The field was discovered in 1966 as the result of an offset from a dry Madison test. Eighty-three wells produce methane-rich gas from the Eagle and Judith River Formations in an area approximately 52,000 acres in size. Production occurs at an average depth of 1600 feet in a 45 feet thick pay zone with an average porosity of 26 percent. By December 1984, more than 75 BCF of gas were produced from the field (Tonnsen, 1985) . EXPLORATION SUMMARY Early drilling in Montana was influenced by the presence of oil seeps. Seeps were identified near Glacier National Park in the 1880's and limited production from oil seeps was reported locally in other parts of the state by 1900 (Darrow, 1955; Fanshawe, 1985) . The first field discovered in the region was in sandstone of the Kootenai Formation at Cat Creek in 1919 followed by similar Lower Cretaceous sands at Kevin-Sunburst in 1922 and at Cutbank in 1926 . Pondera field was discovered in 1926 and produces from Mississippian carbonates and Bannatyne field was discovered in 1927 and produces from Mis sissippian and Jurassic traps ( Figure 6 , Table 1 ). Since 1915 more than 15,000 wells have been drilled in the province (Petroleum Information Corporation, unpublished data, 1985) totalling more than 26 million drilled feet of which approximately 15 million drilled feet are from development wells, and 11 million drilled feet are from exploratory wells. Table 1 contains ultimate recovery figures for small and large fields based on computarized data from the Petroleum Data System and NRG Associates field files. Total ultimate recoverable oil equals approximately 370 million barrels of which nearly 13 million barrels 14 are found in fields smaller than 1 million barrels field size. Total ultimate recoverable gas equals approximately 2211 BCF of which 400 BCF are found in gas fields smaller than 1 million barrels equivalent (where 1 MCF of gas equals 6000 barrels of crude oil). More than 94 percent or 2000 BCF of the ultimate recoverable gas production occurs in the Jurassic-Lower Cretaceous play and Upper Cretaceous play. Approximately 75 percent or 275 million barrels of oil occur in Lower Cretaceous strata of the Kootenai Formation and in the Lower Cretaceous portion of the Colorado Group. Figure 7 illustrates the discovery rate of fields larger than 1 million barrels or equivalent and the relationship between exploratory and production drilling through time. The rate of discovery of these fields increased from 1930 to 1970 during which time the percentage of exploratory wells drilled also increased. From 1960 to 1970 12 significant fields were discovered. During the same period, 53 percent of the wells drilled in the province were exploratory wells. The increased field discovery rate during the 1960's is reflected in the increased production of crude oil illustrated for the same period in Figure 8 . In Figure 8 northern Montana is compared to the remainder of the state in terms of average daily production for each year for the period 1943 to 1984. The North Central Montana province includes all of northern Montana and part of central Montana in Figure 8 . Even with the discovery of 12 significant fields during the 1960's, average daily production has decreased in north central Montana along with decreasing production in the rest of the state.
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